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0L[LQJERWKPDWHULDOVLQOLTXLGVWDWHOHDGVWRDFRPSOH[IRUPDWLRQRIEULWWOHLQWHUPHWDOOLFSKDVHV7KHGLIIHUHQFHVLQ
PHOWLQJSRLQWVRIDOXPLQXPDQGVWHHOFDQEHXVHGWROLPLWWKHIRUPDWLRQRILQWHUPHWDOOLFSKDVHVLQWKHZHOG7KLVFDQ
EHUHDOL]HGE\DODVHUZHOGEUD]HSURFHVV7KHUHE\WKHDOXPLQXPLVPROWHQLQDKHDWFRQGXFWLRQODVHUZHOGSURFHVV
ZKHUHDVWKHVWHHOUHPDLQVVROLG$VFKHPDWLFLOOXVWUDWLRQRIWKLVSURFHVVLVVKRZQLQ)LJ7KHVROLGVWHHOGLVVROYHV
LQ WKHDOXPLQXPPHOWDQGLQWHUPHWDOOLF OD\HUVDUHIRUPHGRQO\DW WKH$O6W LQWHUIDFH7KHJURZWKRI LQWHUPHWDOOLF
SKDVHVLVGHSHQGHQWRQWKHWHPSHUDWXUHDWWKH$O6WLQWHUIDFHDQGWKHSURFHVVGXUDWLRQZKLFKKDVEHHQLQYHVWLJDWHG
LQGHWDLOE\%RXD\DUGHWDO7KHLQWHUPHWDOOLF OD\HUKDV WREHOHVV WKDQPWRDFKLHYHJRRGPHFKDQLFDO
SURSHUWLHVIRUWKLVMRLQLQJSURFHVV7KLVKDVEHHQVKRZQE\5DGVFKHLWDQGZDVFRQILUPHGE\/DXNDQW
,WKDVEHHQVKRZQ LQVHYHUDOH[SHULPHQWDO VWXGLHV WKDWD]LQFFRDWLQJRQ WKHVWHHO VKHHWPXVWEHSUHVHQW WRREWDLQ
ZHWWLQJ IRU WKH OLTXLG DOXPLQXP RQ WKH VROLG VWHHO LI QRW XVLQJ D IOX[ 7KLV LV PRVWO\ GXH WR WKH IDFW WKDW RQ
JDOYDQL]HGVSHFLPHQVDOXPLQXPVSUHDGLQJRFFXUVRQDOLTXLG]LQFOD\HU7PHOW &DQGQRWRQDVROLGVWHHO$
UHYLHZRQWKHVHVWXGLHVLVJLYHQE\*DW]HQHWDO

)LJ6FKHPDWLFLOOXVWUDWLRQRIODVHUZHOGEUD]HSURFHVVIRUILOOHWZHOGFRQGLWLRQ
7R HVWDEOLVK D VWDEOH SURFHVV UHJLPH WKH WHPSHUDWXUH DW $O6W LQWHUIDFH KDV WR EH DERYH WKHPHOWLQJ SRLQW RI
DOXPLQXPZKLFKLVDW&,QDGGLWLRQWRDYRLG]LQFGHJDVVLQJWKHDOXPLQXPPHOWEDWKWHPSHUDWXUHKDVWREH
EHORZ ]LQF ERLOLQJ WHPSHUDWXUH RI & 7R VWD\ LQ D KHDW FRQGXFWLRQ ODVHUZHOGPRGH WKH WHPSHUDWXUH DW WKH
VXUIDFHRIWKHPROWHQDOXPLQXPKDVWREHEHORZWKHERLOLQJWHPSHUDWXUHRI&
$ WHPSHUDWXUH FRQWUROOHG ODVHU SURFHVV ZDV GHYHORSHG WR PHHW WKHVH UHTXLUHPHQWV DOORZLQJ WR MRLQ WKH WZR
PDWHULDOVZLWKRXWIOX[DQGILOOHUPDWHULDO
&RQFHSWLRQRIWHPSHUDWXUHFRQWUROOHGMRLQLQJSURFHVV
2.1. Experimental setup 
7KHVFKHPDWLFVHWXSIRUWKHWHPSHUDWXUHFRQWUROOHGMRLQLQJSURFHVVLVGUDZQLQ)LJD7KHH[SHULPHQWVZHUH
GRQHZLWKD7UX'LVNODVHUDQGDGHOLYHU\ILEHUZLWKPFRUHGLDPHWHU7KHODVHUKDVDPD[LPXPRXWSXW
SRZHURI:DWWKHZDYHOHQJWKRIQP7RIRFXVWKHODVHUEHDPRQWKHZRUNSLHFHDGXDOEHDPRSWLFVZDV
XVHG(DFKIRFXVGLDPHWHUZDVPDQGWKHSRZHUGLVWULEXWLRQZDVNHSWFRQVWDQWDWDUDWLRRI7KHGLVWDQFH
RI WKH VSRWV ZDV PP %RWK VSRWV ZHUH SODFHG RQ WKH DOXPLQXP VKHHW 7KH FHQWHU RI WKH ODVHU VSRWV ZDV
SRVLWLRQHGPPDZD\ IURP WKH VKHHW HGJH DVGHSLFWHG LQ)LJE7KH H[SHULPHQWVZHUHSHUIRUPHG LQ D ILOOHW
ZHOG FRQILJXUDWLRQ 7KH GLPHQVLRQV RI WKH VSHFLPHQ ZHUH PP[PP ZLWK DQ RYHUODS RI PP LQ


0DW:HEKWWSZZZPDWZHEFRPVHDUFK'DWD6KHHWDVS["0DW*8,' DDGGHG&(7
$OXPLQLXP7DVFKHQEXFK.DPPHU&(GLWLRQ$OXPLQLXP9HUODJ'VVHOGRUISS
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DFFRUGDQFHZLWK VWDQGDUG',1(1,62  IRU VKHDU WHVWLQJ7KH VSHFLPHQZHUHFODPSHGSDUDOOHO WR WKH
ZHOGDWDGLVWDQFHRIPP7KHOHQJWKRIDOOZHOGVZDVPP$UJRQDVVKLHOGJDVZDVVXSSOLHGWRWKHSURFHVV
]RQH DW D UDWH RI [OK )RU SURFHVV GLDJQRVWLFV DQG FRQWURO D S\URPHWHU GHYLFH IURP'U0HUJHQWKDOHU
*PE+	&R.*ZLWKDQLQWHJUDWHGFRQWUROOHUZDVXVHG$VVKRZQLQ)LJDRQHS\URPHWHUZDVPRXQWHGRQWKH
RSWLFV DQGPRYLQJZLWK WKH ODVHUEHDPVSRVLWLRQHG VOLJKWO\ LQIURQWRI WKHP ,WPHDVXUHG WKH WHPSHUDWXUHRQ WKH
VXUIDFHRIWKHPHOWSRRODQGZDVXVHGWRFRQWUROWKHODVHUSRZHULQRUGHUWRNHHSWKHWHPSHUDWXUHDWWKHGHVLUHGVHW
WHPSHUDWXUH OHYHO$VHFRQGS\URPHWHUZDV WDUJHWHG ORFDOO\IL[HGRQ WKHPHOWSRROVXUIDFH WRPRQLWRU WKHKHDWLQJ
DQGFRROLQJRYHUWLPH7KHS\URPHWHUGHYLFHKDVDPHDVXUHPHQWUDWHRIXSWRN+]

)LJD6FKHPDWLFVHWXSRIWKHMRLQLQJSURFHVVE7RSYLHZRIH[SHULPHQWDOVHWXS
)RU WKH H[SHULPHQWV D $O6L0J7 DOXPLQXP DOOR\ ZLWK D WKLFNQHVV RI PP ZDV MRLQHG RQ D KRWGLS
JDOYDQL]HGVWHHOVKHHWZLWKDWKLFNQHVVRIPP7KHVSHFLILFDWLRQVIRUWKHVHPDWHULDOVDUHOLVWHGLQ7DEOH
7DEOH3URFHVVHGPDWHULDOV
$OOR\ 0DWHULDOQR 7KLFNQHVVPP
KHDW
WUHDWPHQW
WHQVLOHVWUHQJWK5P
1PPð 
$O6L0J   7  1RYHOLV
';'=0%2     6DO]JLWWHU
2.2. Closed-loop laser process control with pyrometer device 
7KH SURFHVV FRQWURO ZDV UHDOL]HG ZLWK WKH LQWHJUDWHG FRQWUROOHU DQG WKH 6RIWZDUH /$6&21 IURP 'U
0HUJHQWKDOHU*PE+	&R.*7KHPRYLQJS\URPHWHUPHDVXUHVWKHWHPSHUDWXUHULVHRQWKHZRUNSLHFHFDXVHGE\
WKHODVHUOLJKW7KLVPHDVXUHGDFWXDOWHPSHUDWXUHLVVHQGWRWKHLQWHJUDWHGFRQWUROOHUZKLFKFRPSDUHVLWLQUHDOWLPH
ZLWK D SURJUDPPHG VHW SRLQW WHPSHUDWXUH 7KH FRQWURO RXWSXW LV WKHQ FDOFXODWHG LQ UHDO WLPH XVLQJ WKH FRQWURO
DOJRULWKP RI WKH /$6&21 VRIWZDUH DQG LV JLYHQ DV DQ DQDORJ RXWSXW YROWDJH EHWZHHQ DQG9 WR WKH DQDORJ
SRZHUFRQWUROLQSXWRI WKHODVHUDVVFKHPDWLFDOO\GUDZQLQWKHIORZFKDUW LQ)LJE7KHPHDVXUHGWHPSHUDWXUH
DQGWKHUHTXHVWHGODVHUSRZHULVORJJHGGXULQJWKHSURFHVVDVVKRZQLQ)LJD7KHWKHUPDOUDGLDWLRQRIWKHZRUN
SLHFHLVXVHGE\WKHS\URPHWHUWRPHDVXUHWKHWHPSHUDWXUH,WZDVRSHUDWHGLQWKHVLQJOHFRORUPHDVXUHPHQWPRGHLQ
WKH ZDYHOHQJWK UDQJH EHWZHHQ P DQG P IRU WKLV H[SHULPHQWV 7KLV PHDVXUHPHQW PRGH XWLOL]HV WKH
GHSHQGHQFHRIWKHDEVROXWHHPLWWHGSRZHURIWKHUPDOUDGLDWLRQRQWHPSHUDWXUHDFFRUGLQJWRWKH6WHIDQ%ROW]PDQQ
ODZ%ROW]PDQQ7KH3\URPHWHUZDVFDOLEUDWHGDWDEODFNERG\FDOLEUDWLRQVRXUFHSULRUWRWKHH[SHULPHQWV
7KH WHPSHUDWXUH LV WKHQ GHWHUPLQHG E\ WKH S\URPHWHU IURP WKH PHDVXUHG WKHUPDO UDGLDWLRQ YLD WKH FDOLEUDWHG
FKDUDFWHULVWLF FXUYH )RU D UHDO ERG\ WKH HPLWWHG WKHUPDO UDGLDWLRQ GHSHQGV RQ LWV VXUIDFH WHPSHUDWXUH DQG LWV
HPLVVLYLW\İZKLFKGHVFULEHVWKHUDWLRRIWKHUPDOUDGLDWLRQIURPDUHDOERG\WRWKHUDGLDWLRQRIDQLGHDOEODFNERG\DW
WKH VDPH WHPSHUDWXUH 7KXV IRU DQ DFFXUDWH PHDVXUHPHQW RI WKH VXUIDFH WHPSHUDWXUH WKH HPLVVLYLW\ RI WKH
518   Daniel Weller et al. /  Physics Procedia  83 ( 2016 )  515 – 522 
PHDVXUHPHQWREMHFWKDV WREHFRQVLGHUHGZKLFK LQJHQHUDOGHSHQGVRQ WHPSHUDWXUHZDYHOHQJWK HPLVVLRQDQJOH
VXUIDFHSURSHUWLHVDQGPDWHULDO.LUFKKRII

)LJD6LJQDOVRYHUWLPHRIPRYLQJ3\URPHWHU*UHHQOLQHLVPHDVXUHGWHPSHUDWXUH%OXHOLQHLVWKHUHTXHVWHGODVHUSRZHUE)ORZFKDUWRI
FRQWUROOLQJXQLW
7KHHPLVVLYLW\YDOXHXVHGIRUWKHH[SHULPHQWVZLWKWKHSURFHVVHGDOXPLQXPVKHHWVZDVWDNHQIURPOLWHUDWXUHDQG
H[SHULPHQWDOO\ DGMXVWHG 0OOHU/XIIW  XVHG DQ HQKDQFHG PRGHO RI WKH 'UXGH WKHRU\ WR FDOFXODWH WKH
DEVRUSWLYLW\RISXUHPHWDOVDQGDOOR\VUHODWHGWRWKHLQFOLQDWLRQRIWKHODVHUEHDPDQGWHPSHUDWXUHVEHWZHHQ.
DPELHQWWHPSHUDWXUHDQG.IRUZDYHOHQJWKVEHWZHHQPDQGP6LQFHWKH.LUFKKRII¶VODZVWDWHV
WKDWDWDJLYHQZDYHOHQJWKWKHDEVRUSWLRQRIUDGLDWLRQE\DPDWHULDOLVHTXDOWRLWVHPLVVLRQWKHDEVRUSWLYLW\YDOXHV
FDQDOVREHXVHGDVHPLVVLYLW\YDOXHVDQGYLFHYHUVD.LUFKKRII)RUWKHXVHGVHULHVDOXPLQXPDOOR\WKH
FDOFXODWLRQVVKRZDFKDUDFWHULVWLFFKDQJHRIHPLVVLYLW\DWWKHSKDVHWUDQVLWLRQIURPOLTXLGWRVROLG,QWKHZDYHOHQJWK
UDQJHEHWZHHQPWRPXVHGE\WKHS\URPHWHUWKLVFKDQJHPHDQVDGURSRIHPLVVLYLW\IURPWR

)LJD0HDVXUHGWHPSHUDWXUHRYHUWLPHRIIL[HGS\URPHWHURQWRSRIZHOGVHDP$WPD[LPXPRIWHPSHUDWXUHFXUYHWKHODVHUEHDPSDVVHV
S\URVSRWE'HWDLOHGYLHZRIGLDJUDPDVKRZLQJWKHWHPSHUDWXUHVWHSIURPWKHSKDVHWUDQVLWLRQOLTXLGWRVROLG
7R H[SHULPHQWDOO\ YDOLGDWH WKH HPLVVLYLW\ RI WKH PDWHULDO WKH PHDVXUHG WHPSHUDWXUH VLJQDO RI WKH SURFHVVHG
DOXPLQXPVKHHWREWDLQHGIURPWKHVHFRQGS\URPHWHUZDVXVHG,WPHDVXUHGWKHKHDWLQJDQGFRROLQJDWDORFDOO\IL[HG
SRVLWLRQRQWKHZHOGVXUIDFHDVVKRZQLQ)LJD$W WKHPD[LPXPRI WKHWHPSHUDWXUHFXUYH WKHODVHUEHDP
SDVVHVWKHS\URPHWHUVSRW0RQLWRULQJWKHWHPSHUDWXUHFXUYHRIWKHFRROLQJSURFHVVWKHPHQWLRQHGFKDUDFWHULVWLFVWHS
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LQHPLVVLYLW\DWWKHSKDVHWUDQVLWLRQFRXOGEHLGHQWLILHGDVDQDSSDUHQWVWHSLQWHPSHUDWXUHVKRZHGLQGHWDLOHGYLHZ
LQ )LJ E 0DWFKLQJ WKLV FKDUDFWHULVWLF VWHS ZLWK WKH WHPSHUDWXUHV RI WKH VROLG DQG OLTXLG SRLQW RI WKH XVHG
DOXPLQXPDOOR\UHVXOWVLQDQHPLVVLYLW\FRHIILFLHQWRIİ 7KLVFRQILUPVWKHYDOXHIURP0OOHU/XIIW
)RU WKHH[SHULPHQWDO VHWXS WKHS\URPHWHUGHYLFHZDVXVHGZLWK WKHHYDOXDWHGHPLVVLYLW\FRHIILFLHQWRI İ 
NQRZLQJ WKDW LW LVRQO\YDOLGDWPHOWLQJ WHPSHUDWXUH LQ WKH OLTXLGSKDVHDQGQRW WKURXJKRXW WKHZKROHFRQVLGHUHG
WHPSHUDWXUHUDQJHDVWKHHPLVVLYLW\RIDOXPLQXPLQFUHDVHVZLWKULVLQJWHPSHUDWXUH0OOHU/XIIW%XWIRUWKH
VDNHRIVLPSOLFLW\WKHYDOXHVRIWKHPHDVXUHGWHPSHUDWXUHDUHXVHGDVWKH\DUHJLYHQE\WKHVRIWZDUHRIWKHGHYLFH
2.3. Heat-up time 
$VLQWURGXFHGLQVHFWLRQWKHODVHUZHOGEUD]HSURFHVVUXQVLQWKHKHDWFRQGXFWLRQZHOGPRGH7KHKHDWLQSXWLV
RQO\RQWKHVXUIDFHRIWKHDOXPLQXPVKHHW6RWKHHYROYLQJWHPSHUDWXUHILHOGZKHQVWDUWLQJWKHSURFHVVLVGHSHQGHQW
IURPWKHWKHUPDOGLIIXVLYLW\RIWKHXVHGPDWHULDOVDQGWKHKHDWWUDQVIHUDW WKHLQWHUIDFHEHWZHHQWKHDOXPLQXPDQG
]LQFFRDWHGVWHHOVKHHW7RHVWDEOLVKWKHMRLQLQJSURFHVVDFHUWDLQGZHOOWLPHLVUHTXLUHG'XULQJWKLVWLPHWKHODVHU
VSRWVVWD\DWWKHVWDUWSRVLWLRQ

)LJD)UDPHVWULSDWVWDUWLQJSRLQWRIODVHUZHOGEUD]HSURFHVVZLWKDKHDWXSWLPHRIVIRUTset &
7KLVWLPHLVGHILQHGDVKHDWXSWLPH,Q)LJDIUDPHVWULSRXWRIDKLJKVSHHGYLGHRLVVKRZQIURPWKHEHJLQQLQJ
RIWKHSURFHVV,WWRRNPVWLOOWKHLVRWKHUPRIPHOWLQJWHPSHUDWXUHRIDOXPLQXPUHDFKHVWKH]LQFFRDWLQJRIWKH
VWHHOVKHHW2QFHWKH]LQFLVPROWHQWKHDOXPLQXPR[LGHOD\HUEUHDNVXSDQGDWWKHVDPHWLPHWKHVXUIDFHWHQVLRQLV
UHGXFHGZKLFK UHVXOWV LQ DJRRGZHWWLQJEHKDYLRU ,Q)LJ D WKH FRUUHVSRQGLQJ WHPSHUDWXUH FXUYHRYHU WLPH LV
GHSLFWHG7KHVHW WHPSHUDWXUHIRU WKHODVHUSRZHUFRQWUROZDVDWTset &LQWKLVFDVH,W WRRNDURXQGPV
XQWLOWKHVHWWHPSHUDWXUHLVUHDFKHG

)LJD0HDVXUHGWHPSHUDWXUHRIPRYLQJS\URPHWHUDWTset &E0ROWHQ]LQFDUHDRQUHDUVLGHRIWZRMRLQHGVDPSOHV7RSSLFWXUH
ZLWKRXWKHDWXSWLPH%RWWRPSLFWXUHZLWKKHDWXSWLPH
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7KHUHTXLUHGKHDWXSWLPHLVGHSHQGHQWIURPWKHXVHGVSRWGLDPHWHUWKHWKLFNQHVVRIWKHSURFHVVHGPDWHULDODQG
WKHUHTXLUHGZLGWKRIWKHZHOGMRLQW7RDGMXVWWKHUHTXLUHGKHDWXSWLPHH[SHULPHQWDOO\WKHPROWHQ]LQFDUHDRQWKH
UHDUVLGHRIWKHSURFHVVHGVDPSOHVFDQEHXVHGDVDQLQGLFDWRU)LJEVKRZVWKHUHDUVLGHRIWZRGLIIHUHQWFDVHV,Q
WKH WRS SLFWXUH QR KHDWXS WLPHZDV XVHG 7KHZLGWK RI WKHPROWHQ ]LQF LQFUHDVHV IURP WKH VWDUW WLOO WKH MRLQLQJ
SURFHVV UHDFKHVD VWHDG\ VWDWH6WHDG\ VWDWHPHDQV IURP WKLVSRLQWRQ WKHKHDW LQSXW LV HTXDO WR WKHKHDW ORVV1R
SURSHUFRQQHFWLRQEHWZHHQWKHWZRVKHHWVFDQEHDFKLHYHGWLOOWKHVWHDG\VWDWHLVUHDFKHG%\XVLQJDKHDWXSWLPH
EHIRUHVWDUWLQJWRPRYHWKHODVHUEHDPWKLVXQVWDEOHVWDUWSKDVHFDQEHVNLSSHGDVVKRZQLQWKHERWWRPSLFWXUHRI
)LJE
0HFKDQLFDOWHVWLQJ
7RH[DPLQHWKHLQIOXHQFHRIWKHWHPSHUDWXUHRQWKHUHVXOWLQJVWUHQJWKRIZHOGVWULDOVDWGLIIHUHQWVHWWHPSHUDWXUHV
ZHUH SHUIRUPHG 7KH IHHG UDWH ZDV NHSW FRQVWDQW DW  PPV 7KH UHVXOWV VKRZHG D SURFHVV ZLQGRZ EHWZHHQ
7VHW &DQG7VHW &%HORZ7VHW &QRFRQWLQXRXVFRQQHFWLRQRIWKHVKHHWVFRXOGEHDFKLHYHGGXH
WR LQVXIILFLHQW SRZHU LQSXW([FHHGLQJ7VHW & WKH GHHS SHQHWUDWLRQ WKUHVKROG LV UHDFKHG UHVXOWLQJ LQ D IXOO
SHQHWUDWLRQRIERWKVKHHWVZKLFKOHDGVWRDIRUPDWLRQRIEULWWOHLQWHUPHWDOOLFSKDVHVZLWKYHU\SRRUZHOGSURSHUWLHV
7HQVLOH WHVW ZHUH SHUIRUPHG DW IRXU WHPSHUDWXUH VWHSV & & & DQG & WR HYDOXDWH WKH
VWUHQJWKRIWKHMRLQWVZLWKDWOHDVWUHSHWLWLRQVIRUHDFKVHWWHPSHUDWXUH7KHFRQGLWLRQDW7VHW &ZDVUHSHDWHG
 WLPHV7KHUHVXOWVDUHVKRZQ LQ)LJD(DFKFLUFOHPDUNHUUHSUHVHQWVRQHPHDVXUHPHQW7KHVTXDUHPDUNHU
VKRZV WKHPHDQ YDOXH RI WKH VHW WHPSHUDWXUHV 7KH VWUHVVZDV FDOFXODWHG XVLQJ WKH QRPLQDO FURVV VHFWLRQ RI WKH
DOXPLQXPPDWHULDO 7KH DOXPLQXP DOOR\ZDV LQ D7 VWDWH VROXWLRQ KHDW WUHDWPHQW DQG QDWXUDOO\ DJHG1RKHDW
WUHDWPHQWDIWHUZHOGLQJZDVDSSOLHG7KHKLJKHVWWHQVLOHVWUHQJWKVZLWKDPHDQYDOXHRI1PPðZHUHDFKLHYHG
XVLQJDVHWWHPSHUDWXUHRI7VHW &

)LJD$FKLHYHGWHQVLOHVWUHQJWKRIDOXPLQXPVWHHOMRLQWVUHODWHGWRWKHVHWWHPSHUDWXUHXVLQJDGXDOEHDPRSWLFVZLWK[PDQGDIHHG
UDWHRIY PPVE)UDFWXUHDSSHDUDQFHVRIWHQVLOHWHVWV
7KUHHGLIIHUHQWDSSHDUDQFHVRIIUDFWXUHZHUHGHWHFWHGDVVKRZQLQ)LJE$VKHDUIUDFWXUHZHUHWKHSRLQWRI
IDLOXUHLVDWWKHLQWHUIDFHEHWZHHQWKHDOXPLQXPVKHHWDQGWKHVWHHOVKHHW$IUDFWXUHLQWKHKHDWDIIHFWHG]RQH+$=
RIWKHDOXPLQXPVKHHW$QGDIUDFWXUHZKHUHERWKIDLOXUHVDSSHDULQWKHZHOGWKHPL[HGIUDFWXUH,Q)LJDWKH
DFKLHYHG WHQVLOH VWUHQJWKV DUH FODVVGLYLGHG LQWR WKHLU IUDFWXUH DSSHDUDQFH SORWWHG RYHU WKH VHW WHPSHUDWXUH $W
7VHW &ZKLFKLVWKHORZHUHQGRIWKHSURFHVVZLQGRZPRVWRIWKHIUDFWXUHVDSSHDUDWWKHLQWHUIDFHRUPL[HG
7KLV LQGLFDWHV WKDW WKH WHPSHUDWXUHV DW WKH LQWHUIDFH ZHUH WRR ORZ WR JHW D FRQVWDQW DQG VXIILFLHQW FRQQHFWLRQ
EHWZHHQ ERWK VKHHWV 7KH YHU\ KLJK GHYLDWLRQ RI 1PPð EHWZHHQ WKHPD[LPXP DQGPLQLPXP VWUHQJWK LV D
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IXUWKHUKLQWIRUDVWURQJYRODWLOHFRQQHFWLRQ$ERYH7VHW &QRIUDFWXUHDWWKHLQWHUIDFHZDVGHWHFWHG+HUHWKH
IUDFWXUH DSSHDUV LQ  RI FDVHV LQ WKH KHDW DIIHFWHG ]RQHZKLFK VKRZV WKDW WKH FRQQHFWLRQ DW WKH LQWHUIDFH LV
VXIILFLHQWVWURQJ7KHLQWHUTXDUWLOHUDQJHRI7VHW &GHILQLQJWKHLQQHURIWKHHYDOXDWHGWHQVLOHYDOXHVLV
ZLWK1PPðYHU\VPDOODQGVKRZVDJRRGUHSHDWDELOLW\RIWKHMRLQLQJSURFHVV7RLQFUHDVHIXUWKHUWKHDFKLHYHG
WHQVLOHVWUHQJWKWKHKHDWDIIHFWHG]RQHLQWKHDOXPLQXPVKHHWFRXOGEHLPSURYHGE\KLJKHUIHHGUDWHV
,QIOXHQFHRIWHPSHUDWXUHRQIRUPDWLRQRILQWHUPHWDOOLFSKDVHV
,Q )LJ  WZR FURVV VHFWLRQV RI WKH MRLQLQJ SURFHVV IRU 7VHW & DQG 7VHW & DUH GHSLFWHG $W
7VHW & LQWHUPHWDOOLF SKDVHV FDQ RQO\ EH IRXQG DW WKH LQWHUIDFH EHWZHHQ WZR MRLQHG VKHHWV 7KH DYHUDJH
WKLFNQHVVRIWKHLQWHUPHWDOOLFSKDVHLVP7KUHHGLIIHUHQWLQWHUPHWDOOLFSKDVHVFRXOGEHLGHQWLILHG)H$O)H$O
DQG)H$O E\ DQ HQHUJ\ GLVSHUVLYH [UD\ VSHFWURVFRS\7KH GHWDLOHG YLHZ LQ )LJ  VKRZV WKH ORFDWLRQ RI WKHVH
SKDVHV7KHȘSKDVH)H$ODVWKHPDMRUFRQVWLWXHQWLVLQWKHFHQWHURIWKHLQWHUPHWDOOLFLQWHUIDFH7KHșSKDVH)H$O
IRUPVDVQHHGOHOLNHFU\VWDOVLQWKHDOXPLQXPVLGHRIWKHZHOGVHDP3H\UHHWDOH[SODLQHGWKHIRUPDWLRQRI
WKHVHFU\VWDOVGXHWRLURQUHGLVVROXWLRQDQGGLIIXVLRQLQWKHDOXPLQXPPHOWSURPRWHGE\FRQYHFWLRQPRYHPHQWVRI
WKH OLTXLG DOXPLQXP FORVH WR WKH LQWHUPHWDOOLF LQWHUIDFH 7KH ȕSKDVH )H$O QH[W WR WKH VWHHO VKHHW LV WKH PLQRU
FRQVWLWXHQWRIWKHLQWHUPHWDOOLFLQWHUIDFHGXHWRLWVYHU\ORZJURZWKUDWHPHQWLRQHGE\%RXFKpHWDO

)LJ&URVVVHFWLRQVRIMRLQLQJSURFHVVIRU7VHW &DQG7VHW &DWY PPV'HWDLOYLHZVKRZVWKHJHQHUDWHGLQWHUPHWDOOLFSKDVHV
DWWKHLQWHUIDFHDOXPLQXPDQGVWHHODW7VHW &LGHQWLILHGE\DQHQHUJ\GLVSHUVLYH[UD\VSHFWURVFRS\
,QWKHFHQWHURIWKHFURVVVHFWLRQIRU7VHW &LQ)LJWKHLURQZDVSDUWO\PHOWHG7KLVOHGWRDIRUPDWLRQ
DQGVSUHDGRI LQWHUPHWDOOLFSKDVHV LQ WKHZKROHZHOGDQGFRXOGEHRQHUHDVRQIRU WKHGHFUHDVHRI WHQVLOHVWUHQJWK
VKRZQ LQ WKHSORWRI)LJD)XUWKHUPRUH WKHFURVVVHFWLRQIRU7VHW & LQ)LJVKRZVDFKDQQHOVWDUWLQJ
IURPWKHULJKWHQGRIWKHMRLQLQJLQWHUIDFHZKLFKLVSUREDEO\DKLQWIRU]LQFGHJDVVLQJGXHWRDWHPSHUDWXUHDERYHWKH
]LQFERLOLQJSRLQW7KLVFKDQQHOZHDNHQVWKHMRLQWVHFRQGDU\
6XPPDU\
7KH WHPSHUDWXUH FRQWUROOHG ODVHU MRLQLQJ SURFHVV ZLWK D GXDO EHDP RSWLFV HQDEOHV MRLQWV RI DOXPLQXP WR
JDOYDQL]HGVWHHOZLWKRXWXVLQJILOOHUPDWHULDODQGFKHPLFDOIOX[HV7KHWKLFNQHVVRIWKHLQWHUPHWDOOLFOD\HUVFRXOGEH
OLPLWHGWRDQXQFULWLFDOYDOXHRIPLQDYHUDJH7HQVLOHWHVWVRIWKHZHOGHGVDPSOHVVKRZDFOHDUGHSHQGHQF\RI
WKHUHVXOWLQJVWUHQJWKRQWKHWHPSHUDWXUHDWWKHLQWHUIDFH$WWRRKLJKWHPSHUDWXUHV]LQFGHJDVVLQJDQGDSURJUHVVLYH
IRUPDWLRQRILQWHUPHWDOOLFSKDVHVZHDNHQVWKHMRLQWVWUHQJWKZKHUHDVDWWRRORZWHPSHUDWXUHVQRUHSURGXFLEOHMRLQW
SURSHUWLHV FDQ EH DFKLHYHG DQG WKH MRLQWV IDLO DW WKH LQWHUIDFH 8VLQJ DQ RSWLPL]HG VHW WHPSHUDWXUH WKH IUDFWXUH
DSSHDUVLQWKHKHDWDIIHFWHG]RQHZKLFKVKRZVWKDWWKHFRQQHFWLRQDWWKHLQWHUIDFHLVVXIILFLHQWVWURQJ7KLVWXUQVWKH
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LQWURGXFHG WHPSHUDWXUH FRQWUROOHG ODVHU MRLQLQJSURFHVV LQWR D WRRO IRU DOXPLQXP WR VWHHO MRLQWVZLWK UHSURGXFLEOH
SURSHUWLHV
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